The story I choose to relate for the following chapter does not center on project conception but rather on data interpretation and the value of presenting one's work to others, for instance at a conference. The idea to perform a structure-function study comparing Fe to Co complexes given the (at that time) recently discovered catalytic activity of the P3 B and P3 C Fe platforms was fairly obvious. Once that idea is hit upon there is a veritable step-by-step program of experiment design available in the form of the previous work on Fe. However, once the data is collected (all of the characterization metrics relating to the Co congeners and the comparative catalytic activity, or lack thereof) we must ask what can we conclude from this data. In short what lesson can we learn? I had much of the following data in hand for some time with no real idea how to structure it into a story with a meaningful conclusion before presenting it at a poster session at an ACS national meeting. It was during this meeting, on running through my poster for the fourth or fifth time as I recall, that I finally noticed that the P3 B Co system outperformed the P3 Si Fe system in comparative NH3 yield despite having a less activated (as far as IR stretches go to inform on bond activation in any 14 event) fully reduced N2-bound state. This seems like an obvious conclusion to draw, but at the time my thinking was so centered on the importance of axial ligand flexibility as a hypothesis for why P3 B Fe yielded more NH3 than P3 Si Fe that I had lost sight of another equally valid hypothesis, that yield across the Fe series simply tracked with N2 stretching frequency, which this Co study provided evidence against. That conclusion, which only occurred to me in the process of explaining my entire project to a researcher with no familiarity with our work, ended up forming one of the bones of the following chapter.
NH3. [6] [7] [8] In this regard it is prudent to study the few systems known to catalyze this reaction with an emphasis on identifying those properties critical to the observed N2 reduction activity.
We have recently reported that a tris(phosphino)borane-ligated Fe complex is capable of catalyzing the conversion of N2 to NH3 at -78 °C. 7 We have postulated that the success of this system in activating N2 stoichiometrically and mediating its catalytic conversion to NH3 may arise from a highly flexible Fe-B interaction. 9, 10 Such flexibility, trans to the N2 binding site, may allow a single Fe center to access both trigonal bipyramidal and pseudotetrahedral coordination geometries, alternately stabilizing π-acidic or π-basic nitrogenous moieties sampled along an N2 fixation pathway. 4d,11 Consistent with this hypothesis, we have studied isostructural (P3E)-ligated Fe systems and found a measurable dependence of activity on the identity of the E atom, with the least flexible E = Si system furnishing divergently low NH3 yields and the more flexible E = C or B systems affording moderate yields of NH3. 7, 8 However, the lower NH3 production by the E = Si precursor may alternatively be attributed to other factors. Potential factors include (i) a lesser degree of N2 activation than that observed in the E = C or B species (vide infra); (ii) faster poisoning of the E = Si system, for example by more rapid formation of an inactive terminal hydride; 7, 8 (iii) faster degradation of the E = Si system, for example by dechelation of the ligand.
To complement our previous ligand modification studies, we chose to alter the identity of the transition metal. Moving from Fe to Co predictably modulates the π-basicity and electronic configuration of the metal center while maintaining the ligand environment. In principle, this allows the extrication of electronic effects, such as π-backbonding, from structural features, such as geometric flexibility, via comparison of the Fe and Co systems.
We therefore sought to explore the N2 reduction activity of Co complexes of TPB (TPB = [o-( i Pr2P)C6H4]3B), SiP3 (SiP3 = [o-( i Pr2P)C6H4]3Si), and CP3 (CP3 = [o-( i Pr2P)C6H4]3C).
While correlating NH3 yields with molecular structure is no doubt informative in terms of understanding the behavior of nitrogen fixing systems, correlation does not imply causation and the results described herein should be read with that in mind.
Results and Discussion
The previously reported 12 (TPB)Co(N2) complex (Scheme 2.1, 1) provided a logical entry point to study the N2 chemistry of (TPB)Co complexes. The cyclic voltammogram of 1 in THF displays a quasi-reversible reduction wave at -2.0 V vs. Fc/Fc + and a feature corresponding to an oxidation process at -0.2 V vs. Fc/Fc + (Figure 2 .1). These features are reminiscent of the cyclic voltammogram of (TPB)Fe(N2), which shows a reduction event at -2.2 V vs. Fc/Fc + and an oxidation event at -1.5 V vs. Fc/Fc + . 10 2). The ν (N-N) stretch of 2 is lower in energy than that of 1 ( (3) as measured by SQUID magnetometry.
The synthesis of (SiP3)Co(N2) (4) has been reported previously. 14 A comparison of the trends in interatomic metrics between the isoelectronic {(TPB)Co(N2)} n and {(CP3)Co(N2)} n redox series reveals divergent geometric behavior.
Upon reduction from 1 to 2, the Co-B distance decreases by 0.02 Å, resulting in a significant decrease in the pyramidalization about Co (∆τ = 0.13). 16 The opposite is true for the reduction of 6 to 5, which results in an increase in the Co-C distance and an increase in the pyramidalization (∆τ = -0.13). A plausible rationale is that the Z-type borane ligand in (TPB)Co complexes enforces a trigonal bipyramidal geometry upon reduction, by drawing the Co atom into the P3 plane with an attractive Co-B interaction. The X-type alkyl ligand in (CP3)Co complexes instead causes a distortion away from a trigonal pyramidal geometry upon reduction, with a comparatively repulsive Co-C interaction forcing the Co above the P3 plane.
The reactivity of these (P3E)Co complexes with sources of protons and electrons in the presence of N2 was investigated. In analogy to the [Na (12- Among (P3E)Fe complexes, NH3 production appears to be correlated both with flexibility of the M-E interaction and with degree of N2 activation; more flexible and more activating platforms providing greater yields of NH3. Moving from Fe to Co, the degrees of N2 activation are systematically lower, which is expected due to the decreased spatial extent of the Co 3d orbitals (due to increased Zeff). 22 Nevertheless, NH3 production is still correlated among these (P3E)Co complexes with N2 activation. However, comparing the Fe to the Co complexes demonstrates that, in an absolute sense, the degree of N2 activation is not predictive of the yield of NH3 (Figure 2 We have performed calculations (DFT; see SI for details) to compare the theoretically predicted electrostatic potential maps of 2 and 5. As shown in Figure 2 .6, Nβ in anionic 2
shows a far greater degree of negative charge relative to the same atom in neutral 5. 
Conclusion
We have demonstrated the ability of a molecular Co-dinitrogen complex to facilitate the conversion of N2 to NH3 at -78 °C in the presence of proton and electron sources ( 
Experimental
General considerations. All manipulations were carried out using standard Schlenk or glovebox techniques under an N2 atmosphere. Solvents were deoxygenated and dried by thoroughly sparging with N2 followed by passage through an activated alumina column in a solvent purification system by SG Water, USA LLC. Nonhalogenated solvents were tested with sodium benzophenone ketyl in tetrahydrofuran in order to confirm the absence of oxygen and water. Deuterated solvents were purchased from Cambridge Isotope Laboratories, Inc., degassed, and dried over activated 3-Å molecular sieves prior to use.
[H(OEt2)2][BAr F 4], 23 KC8, 24 (TPB)Co(N2), 12 (TPB)CoBr, 12 (SiP3)Co(N2), 14 NArP3, 20 (PBP)Co(N2), 21 CP3H, 8 and Co(PPh3)2I2 25 were prepared according to literature procedures. All other reagents were purchased from commercial vendors and used without further purification unless otherwise stated. Et2O for NH3 generation reactions was stirred over Na/K (≥ 2 hours) and filtered before use. 
